Studies on the SV40-1ike Papovavirus SV40-GBM. I. Genomic Analysis by Restriction Endonucleases and Electron Microscopy after Propagation in CV-1 Monkey Cells (Accepted 5 October 1982)

SUMMARY
Infection of CV-1 monkey cells with SV40-GBM, a papovavirus isolated from a human glioblastoma multiforme, resulted in the appearance of defective viral DNA molecules. In contrast to SV40 wild-type, two main types of variant DNA molecules could be found after three viral passages at multiplicities of infection of about 10. The molecules of one variant DNA (GBM3-L) were about 19 % shorter than the GBM3-H DNA molecules and the DNA of the original GBM isolate, as demonstrated by electron microscopy. Restriction enzyme analysis revealed that GBM3-L DNA had lost both the EcoRI and the HpaII cleavage sites which are located in the late viral genome region. Furthermore, SV40 GBM3-L did not possess the two PvuII sites which are located in the late genome region, and a portion of the GBM3-H and GBM3-L DNA molecules had lost the unique KpnI site. Heteroduplex analysis verified that the rearrangements in the GBM3-L DNA are located only in the late region of this DNA. The possible differences between SV40 wild-type and SV40-GBM are discussed on the basis of these results.
In recent years, a number of observations have been reported regarding the association of papovaviruses with human tumours. SV40-related T-antigen has been detected by Weiss et al. (1975) in the nuclei of in vitro cultured cells from three out of seven human meningiomas by an immunofluorescence test. This observation was confirmed by Scherneck et al. (1979a ), May et al. (1979 ) and Zimmermann et al. (1981 . Furthermore, several authors have detected DNA sequences of SV40 or BK virus by hybridization techniques (Fiori & Di Mayorca, 1976; Meinke et al., 1979; Krieg et al., 1981) . In some cases, papovavirus-like virions have been isolated from tumours. SV40-related V-antigen has been detected in extracts of human melanoma metastases (Soriano et al., 1974) and papovavirus particles were found in cells cultured from a WILM's tumour (Smith et al., 1969) as well as in a reticulum cell sarcoma from the brain of a patient who suffered with the Wiskott-Aldrich syndrome .
We have isolated a papovavirus, SV40-GBM, from in vitro cultured cells of a human glioblastoma multiforme (Scherneck et al., 1979b) . Experiments to rescue this virus were performed by fusing the T-antigen-positive glioblastoma cells with CV-1 monkey cells, which are permissive for SV40. Serological tests (haemagglutination, neutralization, fluorescent antibody) revealed that the virus was indistinguishable from SV40. Despite this apparent antigenic identity SV40-GBM differed slightly from SV40 wild-type. This virus can be propagated in both CV-1 monkey cells and primary foetal human cells (kidney and glia cells). Furthermore, digestion of SV40-GBM DNA with HindII/III restriction endonucleases revealed minor differences compared with the SV40 DNA (Geissler et al., 1980) .
In the present study, we infected CV-1 monkey cells with the original isolate of SV40-GBM (Scherneck et al., 1979b ) using multiplicities of infection (m.o.i.) of 10 and 10 -4. After the first passage of the virus in cell culture the SV40-GBM DNA (SV40-GBM1) was extracted by the Hirt (1967) procedure and compared with SV40 DNA obtained after SV40 infection of CV-1 cells using the same m.o.i. Independently of the m.o.i, the extracted SV40-GBM DNA consisted of an apparently homogeneous fraction of DNA molecules, which were indistinguishable from the DNA of SV40 using length measurement by electron microscopy, banding of the DNA in CsCl-ethidium bromide isopycnic gradients and electrophoretic mobility (Fig. 1 a) .
Fig. 1. Electrophoretic separation in 1.2~ agarose gels of SV40-GBM1 (a) and SV40-GBM3 (b) DNA after cleavage with different restriction endonucleases. SV40-GBM DNA (1 btg in 50 p.1 buffer) was incubated at 37 °C for 1 h with 2 U of the appropriate restriction enzyme. Buffers used for enzyme digestions were for EcoRI: 50mM-Tris-HC1 pH 7-5, 10mM-MgC12, 100mM-NaCI; for all other enzymes: 6.6 mM-Tris-HCl pH 7-5, 6.6 mM-MgCIz, 50 n~-NaC1, 6 mM-2-mercaptoethanol. Electrophoresis was carried out in agarose (Seakem) slab gels (18 x 11 x 0-3 cm) at 100 V for 6 h at 4 °C in a buffer containing 40 n~-Tris-HCl pH 7. In contrast to the apparent homogeneity of the SV40-GBM1 D N A , further passaging of the virus in CV-1 cells induces variant D N A molecules. This phenomenon is similar in some respects to the generation of SV40 defectives during passage of SV40 on green monkey cells (Martin et al., 1974; Mertz et al., 1975) . However, in at least two features the appearance of (SV40-GBM3) and (ii) only two main types of variant DNA molecules, SV40-GBM3-H and SV40-GBM3-L, were visible (Fig. lg) . The appearance of defective D N A molecules after growing at such low multiplicities is also described by O'Neill & Carroll (1978) , who propagated SV40 wild-type on a human glioblastoma cell line. These authors suggest that central nervous system ceils possess the ability to generate defective virus genomes at a high rate.
A more detailed analysis of the SV40-GBM3-H and SV40-GBM3-L D N A molecules was carried out first by electron microscopic length measurement. For these purposes the D N A was mounted for electron microscopy by a modified formamide technique as described by Davis et al. (1971) . Length determination revealed that the molecules of SV40-GBM3-L D N A are about Short communications 19% shorter than the molecules of SV40-GBM3-H (the mean values are: 5.25 _+ 0-05 kb for SV40-GBM3-H DNA and 4-27 + 0.05 kb for SV40-GBM3-L DNA).
In order to localize the alterations of SV40-GBM DNA, both DNA types were cleaved with different restriction enzymes, and the cleavage patterns were compared with SV40 DNA. As shown in Fig. 1 the cleavage sites of all restriction enzymes tested were present on the SV40-GBM1 and SV40-GBM3-H DNA; however, a portion of GBM3-H and GBM3-L DNA molecules had lost the unique KpnI site. On the other hand, GBM3-L DNA had lost the unique EcoRI and HpaII cleavage sites and the two PvuII cleavage sites which are located in the late region of the DNA (Fig. 1) . These data reveal that the rearrangements are confined to the late region of the SV40-GBM genome. Martin et al. (1974) have propagated an SV40-1ike virus, SV40-PML, with high multiplicity on CV-1 cells, and they found two DNA fractions, one of which was about 20% shorter and had lost the EcoRI cleavage site. Similar defective DNA molecules with loss of the EcoRI site were described by Campo et al. (1978) in transformed mouse-human cell hybrids. These results suggest that the late region of SV40 and SV40-1ike viruses is unstable and several factors (propagation with high multiplicity, passage in brain tissue or cells, etc.) may induce deletions and other rearrangements in this region.
For a more detailed localization of the rearrangements in SV40-GBM3-L DNA and for a precise comparison between the DNAs of SV40-GBM1 and SV40 the electron microscopic heteroduplex analysis was used. The different DNAs were mixed in at a ratio of 1 : 1 and digested with restriction endonuclease BamHI, which is known to cleave each genome at the same single site in the late region (Scherneck et al., 1979b) , and the heteroduplexes were prepared by the method of Davis et al. (1971) .
As already described the GBM DNA was apparently homogeneous by electrophoretic analysis after one passage in CV-1 cells and could also not be distinguished from SV40 wild-type DNA by electron microscopic length measurement. However, the more precise heteroduplex analysis of SV40 and GBM 1 shows that 5 % of all renatured molecules contain a small region of non-homology (3 9/00 of SV40 genome length) (Fig. 2) . This result verifies that rearrangements are present already in the first passage of SV40-GBM in cell cuRure.
Electron microscopy of heteroduplexes of both GBM3 DNA types revealed three groups of heteroduplexes (Fig. 3) . Two groups were identified as GMB3-H/GBM3-L heteroduplexes and the third group as GBM3-L/GBM3-L heteroduplexes. The GBM3-L]GBM3-L heteroduplexes reveal that the GBM3-L fraction is not completely homogeneous; some molecules have rearrangements in their DNA.
GBM3-H/GBM3-L heteroduplexes were 80 % double-stranded on average and contained one or two single-strand loops. The branch migration in one subgroup indicates that tandem duplications are involved in the generating of GBM3-L DNA. Such branch migration also could be detected by Mertz (1975) in SV40 mutants. Both the restriction enzyme analysis and the heteroduplex technique allow a first characterization of the genome of SV40-GBM. For a more detailed analysis of the GBM variant molecules we have cloned them in Escherichia coli. The results of these experiments will be published elsewhere.
